カドミウム毒性に対する遺伝的ハイリスクグループ同定法の開発 by 永沼  章
カドミウム毒性に対する遺伝的ハイリスクグループ
同定法の開発          




























MRE･g MRE･f MRE･e MRE-c MRE-b TATA-box
Fig･l MetalIothioneingene expression
(A) Metal transcriptional factor-1 (MTF 1 ) is acBvated by丘ee heavy metals such as zinc and cadmium and then
translocated into nudeous. (B)血tivated MTFl1 binds metal respondve elements (MREs) located in promoter region
of a metanothbnein gene, and s血ulatestheir廿anscripdon･ (C) MetallothbneinmRNA is 8-anslated to apo-dlionein
(n0-meta) binding form)･ Free metal ions bindぬnewly sysndleSized metallothionein proteins and accumulate in
various tissues.
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1B-21)の存在が認められているo重金属によるMTの転写誘導には､ metal responsive element
(MRE)と呼ばれるシスエレメントが必須であり､ MTプロモーター上に複数のMREの存
在が確認されている18~21)0 MREに結合する転写因子としてmetal transcription factor-1
(MTF-1) 22･23)が知られており､このMTF-1は亜鉛(zn)やCd等の重金属によって直接ま
たは間接的に活性化され､この活性型MTF-1がMREに結合することによりMTの転写を
















































Fig. 2 Relationship between age and metallothioneincontentsinthe renalcortex (ref･ 31)
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Taq Gold DNAポリメラーゼ(perkin Elmer社製)
Mastercycler gradient (Eppendorf社製)
HighPure PCR Product Purification Kit (Boehringer Mannheim社製)
白虎戌からのゲノムT)NAの歯出
<試薬>
･ SE : 0.5 % N-lauroylsarcosine sodium salt, 20 mM EDTA, 20 mM TriS-HCl (pH 7･4)
･ PCI : phenol : chlorofb- : isoamyl alcohol ≡ 25 : 24 : 1
･ CIA : chlorofbm : isoamyl alcohol - 24 : 1




遠心し､血清を除去後､血液量の5倍量の0.2 % NaClを加え転倒混和し､ 600xgで5分
間遠心した後に､上層を除去し､白血球の沈殿を得た｡白血球の沈殿が白くなるまでこの
操作を繰り返した後､ -80 oCで凍結し､残存した赤血球を破壊した｡室温で融解後､少量











5つのMREおよび転写開始点を含むhMT-ⅠIAプロモーター領域(222 bp; Fig. 3)を増
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Fig. 3 Examined regions of the hunmn metallothioneh･ⅠIA (hMT･ⅠIA) promoter for
PCR･SSCPanalysis
TranscrirKionalregulatcry elements l∝ated upsb･eam of trK: hMT-IIA g印e･ The lo∝山onand orientation of
MREs are indicated by closed arrows. The transcnpon start site isindicated by openarrow･ Romo蛭r reglOn
(-202+20) were amplified by forwad (F) arKl reverse (R) primer･
幅するために､以下に記したプライマーを作製し､ PCR反応を行った｡ PCR用の0.5 ml
チューブに200 ng､ 10 x PCRbuffer (10pl)､2 mM dNTP (10pl)､DMSO (10 pl)､ 100 pM forward
primer (1 pl)､ 100pMreverse primer (1 pl)および5 U/plamplyTaqGold (0･5 pl)を加えて全
量が10叫‖こなるようmolecular grade waterで調製した｡ PCR反応は95oCで10分間加熱
してTaq Gold DNAポリメラーゼを活性化した後､ 96oC/30秒､ 61oC/30秒､ 72oC/30秒の




hMT-ⅠIA pro-F primer : 5'一ccGCCGCCTTCAGGGAACTG-3'
hMT-ⅠIA pro-R (+1) primer : 5'一ccACTTGGAGGAGGCGTGGT-3'
一束鍔DNA高次膚諾多野(LSSCP)産による遺伝子選管の頗出
<試薬･装置>
plusOne◎DNA Silver Staining Kit (Amersham Pharmacia Biotech)
DNA-PAGE用電気泳動装置ダブルタイプ(日本エイド-)
<方法>
精製したPCR産物8plに対して15plのF-dye (950/oホルムアミド､ 10mMEDTA (pH7･5)､
0.05 0/. bromophenol blue､ 0.05 % xylen cyanol)溶液を加え全量を23 plとし､沸騰水浴中で
5分間煮沸後､氷上で急冷し二本鎖DNAを一本鎖DNAに変性させ､ SSCP分析を行った｡
即ち､煮沸変性したDNAを､ 10% (W/V)ポリアクリルアミドゲル(30%アクリルアミド
液(acrylamide:bisacrylamide - 99: 1または49: 1), 015 X TBE buffer (43 mM TriS-borate (pH8･0)I
1 mMEDTA)中で200V定電圧でおよそ90分間泳動した｡泳動時の温度は低温(9-12oC)
と室温(20-25oC)の2条件で行った.なおアクリルアミド溶液15 mlは0･22 pmのフィ
ルターで液過した後､ 10 0/. (W/V)過硫酸アンモニウム(APS) (150 pl)およびN,N,N',N'-
tetramethylenediammonium (TEMED) (15 pl)を加えてよく混合し､ゲル板(8･5 cm x 16 cm)
の間に流し込み重合させた｡泳動bufferには0.5 x TBE bufferを用いた｡泳動終了後､




Adenosine 5'-triphosphate (ATP)-【 γ -32p] EasyTidesTM (第一化学薬品)
Themo Sequenase cycle sequencing kit (Amersham Pharmacia Biotech)
T4 Polynucleotide Kinase (New England Biolabs)
Super Reading DNA Sequence Solution (Toyobo)
<方法>
変異パターンを示したPCR産物の塩基配列をdirectsequence法により決定した｡まず､
遺伝子増幅に使用したプライマー10 pmolにl plの10 xT4 polynuleotidekinase buffer､ 5 U
のT4 polynucleotide kinase､ 1.295 MBq l T -32p] ATPを加えmolecular grade waterで10 p=こ
調製後､ 37oC､ 30分間反応することによって32p標識した｡ 95oCで5分間反応して酵素を
失括させた後､ 10plのmoleculargradewaterを加え全量を20 plとし､ 1 plをcyclesequencing
反応に使用した｡
cycle sequencing反応液は､精製したPCR産物を350 fmolになるよう調製し､ 2 plの
reaction buffer､ 1 plの標識primerおよび2 plのThermo sequenase DNA polymeraseを加え
moleculargradewaterで17.5 p=こ調製した｡次にこの反応液4plをあらかじめ各ddNTPを
叫1ずつ分注しておいたチューブに分け､ 95oCで5分間熱変性した後､ 96oC/30秒､ 61oC/30
秒､72oC/30秒のcyclesequencing反応を25サイクル行った｡反応終了後､4 plのstop soludon
を加えてよく混和し､95oCで3分間熱変性させ､氷上で急冷した反応液3plを6% (W/V)の
変性ポリアクリルアミドゲル(7 Murea､ 15.0 0/. (W/V) SuperReadingDNA Sequence Solution ､
1 x TBE buffer (89 mM TriS-borate (pH8.0), 2 mM EDTA, 10 0/. (W/V) APS (350 pl), TEMED (35
pl))中で80W､ 75分間泳動した｡泳動bufferにはlxTBEbufferを用いた｡泳動終了後､





BsgI (New England Biolabs)




ムDNA 200ng､ 10xPCRbuffer (5 pl)､ 2mMdNTP (5 pl)､ 100pMforwardprimer (0･5pl)､
100 pMreverse primer (0.5 pl)および5 U/pITaqGold (0･25 pl)を加えて全量が50p‖こなる
ようmolecular grade waterで調製した｡ PCR反応は95oCで10分間熱変性した後､ 96oC/30
秒､ 60｡C/30秒､ 72oC/30秒の増幅反応を30サイクル行った｡ PCR産物はHigh Pure PCR
p,｡duct Purification Kitを使用して未反応のdNTPやprimerを除去後､ RFLP分析に使用し
た｡
精製したPCR産物5 plに1 plの10x NEBbuffer14 (50 mMpotassium acetate, 20 mMTris-
acetate, 10 mM magnesium acetate, 1 mM dithiothreitol (pH 7･9))およびo･75 UのBsgIを加え､
moleculargradewaterで全量10p=こ調製し､ 37oCで90分間反応させた｡反応後2･5 plの5x
gel loading buffer (1 x TAE, 20 0/o ficol1 400, 0･05 0/o bromophenol blue, 0･05 % xylene cyanol)i
加え､ 10 % (W/V)ポリアクリルアミドゲル(30 0/oアクリルアミド液(acrylamide:
bisacrylamide-99 : 1または49 : 1), 0.5 xTBE､ 100/o (W/V) APS 150pl,TEMED 15pl)中で
200 V定電圧でおよそ90分間泳動した.泳動bufferには0.5 x TBE bufferを用いた｡泳動
終了後､エチジウムブロマイドでDNAを染色した｡
hMT-ⅠIA pro-F4 primer : 5'一ccccTGGAGCCGCAAGTGAC-3'
-18-
hMT-ⅠIA exon 1-R primer : 5'一TGGGCATCCCCAGCCTCTTA-3'
[結果]
健常な日本人119例の白血球から単離したDNAについてSSCP法でhMT-llAプロモー
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Fig. 4 Examples ofconformational variants in hMT-lIA promoter region detected
throughPCR-SSCP (A) and sequenceanalyses of the typeA , B and C PCR reaction
products (B)
(A) One hundred and nlneteen indiv由uals were categolized in three SSCP pattems. (B) PoirA mutation at
nucleotide FX)Sitions -5 (A→G) was indicated by arrow head in the sequence･ Nucleotides rx)sition +I
indicates the transcrlPtlOn Start Site. Type A, B and C were indicated A/A, A/Gand G/G nucleotide at -5





･cTAG C_gq.XcAC,G CT,GCCG CG CTGCB CTCCE:cA
-5　　　　+1
Fig･ 5 The point mutation A-G at l5 position in hMTIIIA promoter reg10n














Fig. 6 PCR-restriction fragment length polymorphism (RFLP) analysis of
candidate mutated DNA
(A) A schematic representadon of RFLP･ The two differentallelic fragments (241 bp) were
amplified･ The wild-typeallelic sequence (-5A) have two restriction sites for Bsg 1 ((N)14CTGCAC)
and can t光digested into three fragments (144 bp, 56 bp and 41 bp), wheares the mutant allelic
sequence (-5g)missing one of the Bsg I site andean be dkested into two fragments (185 bp and 56
bp) by the resuiction enzyme. (B) Two bards (185 bp and/or 144 bp products) digestedwith Bsg I


















Table 1. Genotype and allele frequency ofa polymorphism at -5 position in hMT-臥



































Fig･ 7･ Structure of the basic plasmid for determiming the activity of hMT-Ih promoter
-24-
列に相違のないことを確認した｡
KpnI/hMT-ⅠIA pro-F : 5'-CGGGGTACCGGGCCGCCTTCAGGGAACTG-3 '
BamHI/hMT-IIA pro (+I)-R : 5'-CGCGGATCCGGACTTGGAGCAGGCCTGGT-3'
次に､それぞれのプロモーターをKpnLBamHI処理により切り出し､ pcDNA3.1/lacZを
ApaLBamHI処理することにより切り出したLacZ遺伝子と共にpcDNA3･1/hygro α
(CMV(-))のKpnI/ApaI額域に挿入し､最終的にpcDNA3.1/hMT-IIA pro (WT)/lac Zおよび
pcDNA3.1/hMT-ⅠIA pro (mut)/lac Zプラスミドを構築した｡
レポータージーンアッセイは､ 293細胞を4x lO4個仙ellになるよう24wellplasticplate
に播き､ 37oC､ 5%CO2存在下で24時間培養後､ 1wellあたり0.1pgのレポータープラス
ミドおよび導入補正用に用いたpGL-EFl α (EF-1 αプロモーターの下流にルシフェラー
ゼ遺伝子を発現させたプラスミド) 0.1 pgを0.6plのFugene6 (Boehringer)を含むD'MEM
(-) 20p=こ混ぜ､これを細胞に滴下して遺伝子を導入した｡
12時間培養後､種々の濃度の薬物を含むD'MEM(+)を400pl/well加えてさらに24時
間培養した｡培養終了後､氷冷pBS (-)でwell内を洗浄L ReporterLysisBu恥r (Promega)を
100pl/well加え､凍結(-80oC､ 30min)融解(25oC､ 20min)して細胞を回収した｡この紳












Adenosine 5'-triphosphate (ATP)-[ γ -32p] Ea野TidesTM (第一化学薬品)
T4 Polynucleo也de Kinase (New England Biolabs)
MicroSpin Cl50 Columns (Amersham Pharmacia Biotech)
<方法>
500pmolのセンスおよびアンチセンスオリゴヌクレオチド什記)をアニーリングバッ
ファー(200mMTriS-HCl (pH 7.5), 100mMMgCl2, 500mMNaCl)中で95oCで5分間熱変性
させ､ 30分間かけて徐々に温度を45oCまで下げてアニーリングさせた｡このオリゴヌク
レオチド2 pmolに0.5 plの10 x T4 polynucleotide kinase buffer､5 UのT4 polynucleotide kinase､
740kBqの【γ32pLATPを加え､ 37oC､ 30分反応した｡ 70oC､ 10分間反応して酵素を失括






Sense oli80nuCleotide : 5'一gatccGGG CTT TTG CAC TCG TCC CGG CTC TTa-3'
Antisense oligonucleotide : 5'-gatctAAG AGC CGG CAC GAG TCC AAA AGC CCg -3'
MRE-p (-5A)
-26-
Sense oligonucleotide : 5'-CCC GCG CTC CAC TCC ACC ACC CCT CC-3'
Antisense oligonucleotide : 5-`GGA GGC GTG GTG GAG TGC AGC GCG GC-3'
MRE-pト5g )
Sense oligonucleo也de : 5'一ccC GCG CTG CGC TCC ACC ACG CCT CC-3'
Antisense oligonucleotide : 5'一ccA GGC GTG GTG GAG CGC AGC GCG GC-3'
TATA仁5A)
Sense oligonucleotide :
5'-CTA GCT ATAAAC ACT GCT TGC CGC GCT GCA CTC CAC CAC GCC TCC T
Antisense oligonucleotide :
5'-TTG GAG GAG GCG TGG TGG ACT GCA GCG CGG CAA GCA GTG TrT ATA G
TATA (-5g)
Sense oligonucleo也de :
5'-CTA GCT ATAAAC ACT GCT TGC CGC GCT GCG CTC CAC CAC GCC TCC T
Antisense oligonucleotide :
5'-TrG GAG GAG GCG TGG TGG AGC GCA GCG CGG CAA GCA GTG TTT ATA G
核抽出液の調製
293細胞を6x lO5個/dishになるように60mmplasticdishに播き､ 37oC､ 50/oCO2存在
下で24時間培養後､種々の濃度のZnC12を含むD'MEM(+)に置き換え､さらに4時間培
-27-
養した.培養終了後､細胞を回収し､氷冷cell lysis buffer (10 mM (2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid (HEPES)-KOH (pH 7･6), 10 mM KCl, 1･5 mM MgC12･ 0･1 % (V/V)
Nonidet P40, 0.5 mM DTT, 0.2 mM PMSF, 2 pg/ml aprotinin, 2 pg/ml leupeptinおよび2 pg/ml
pepsta血A)に懸濁した後に10秒間撹拝し､遠心(2,000Xg, 1 min, 4oC)によって核画分を
沈殿させた｡ここにnuclearextractbu恥r (20 mM HEPES-KOH (pH 7.6), 400 mMKCl, 1･5 mM




核抽出成分10 pgを23 plのbindingbuffer (12 mM HEPES (pH 7･6), 12 0/o glycerol･ 5 mM









核抽出成分10pgを23plのbindingbuffer (12 mMHEPES (pH 7･6), 12 %glycerol, 5mM
NaCl, 50 mM KCl, 5 mM MgC12, 0.6 mM DTT, 3帽Poly (dLdC)･Poly (dLdC))中で氷上に静
-28-
置後､ 10,000cpm/plの32p標識TATA (-5A)およびTATA (-5g)プローブを2pl加えて室
温で20分間反応した｡なお､コンペティションアッセイは上記と同様に行なった｡反応
終了後4.0% (W/V)ポリアクリルアミドゲル(0.25XTBEbuffer (22･25 mMTriS⊥borate (pH
8.0), 0.5 mMEDTA), 5 mMmagnesium acetate)で120V, 100分間泳動したo泳動バッファー




















Fig. 8 Eqbcts of zi批and cadmiumonwild-type or mutad hMT-IIA promoter activity in Ⅱe〆}2 cdls
HepG2cells (8 x 104) were incubated for 24 h and trarsfeccdwithtwo different pcDNA3･1/MT-pro/lacZ reporter genes each
contalmng Wild-typeor mutant nucleαide at -5 psltlOn in hMT-Im promoter region andwith a luciferase expressi00plasmid
(pGL3 tnsic爪EF-1 α ) as an interTnl conqol to estimate transfectbn efrlCiency･ A触rthe cell cultured in each metal-containing
medium for 24 h, 6-galactosidase acdvities were detemined･ Values are normalizedwithluciferase acbvlty and indicated as 8-
galactosidase / luciferase･ Open column ; trarSfectedwithW且d-type proTTX,ter, Closed column ; transfectedwithmutant promoter･





Fig. 9 Effects of zinc and cadmium onwild･typeor mutant hMT-IIA promoter activ吋in 293 cells
293 cells (4 x 104) were incubated for 24 h and transfectedwithtwo different pcDNA3･l/MT-pronacZ reporter genes each
containingwild-type or mutant nucleαide at -5 posltlOn in hMT-ⅠIA promoter reglOn andwitha luciferase expression plasmid
(pGL3 basic仙EF-1 α ) as an intemal control to estimate transfecdon efficiency･ After die Cell culturedineach metal-containing
medium for 24 h, 8-gaLactosidase activities wqe delemined･ Values are norm批edwith luciferase acbvlty and indicated as Bl
galactosidase / luciferase･ Open coltlmn ; tranSfectedwith wad-b,peprOnX)ter, Closed colurrm ; transfectedwith mutarA promOter･
significant difference were comparedwith no Jnetal-treated control･ * ; p<0･001 , ** ; Pd)･0001
ー30-
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Fig. 10 MRE-like sequence in core promoter region for electrophoresis mobility shift assay (EMSA)
MRE-like sequence (宅診) in core promder region of human metallothioneinwas conserved w祉h MRE consensus sequence
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Fig･ ll Competition assay of MTF-1仙mE･a oDmPlex uslng the MRE-like sequenceinthe
core promoter reg10nS
Nuclear extracts obtained from zinc treated 293 cells were incubated wid1 32p-labeled double-stranded MRE-a




















-5   +1
Wild-type TATA (-5 A) 5'-CTAGCTATAAACACTGCTTGCCGCGCTGCACTCCACCACGCCTCCT-3











* : 32p汀ATA (-5g)
Fig. 12 DetectioJ1 0f proteill from nuclearextract of zinc treated 293 cells by core promoter reglOn
including TATA box
(A ) 01igonucleotide probe ofincludes hMT-llA core promoter sequence -34 to +1 2 which containing TATA box sequence
(under line). Wild-type (TATA (-5A)) and mutant (TATA (-5g)) oligonucleotide probe containing adenine and guanine
nucleotide at -5 (bold symtnl) relative to the transcription start site (+1 ). Sequences for upper strands were indicated. (Ji)
Nuclear extracts obtalned舟om zinc treated 293 cells were iEICUbatedwith 32P-labelled double-strandedwild-typeTATA (一
5A) oligonucleotlde and rul On 4% polyacrylamlde get･ Blnding protelnS Were indicated by arrow head･ A 25l and 5O-fold
moliu- excess Of non-label)ed wild-type (lane 5,6) and mutant (lane 7,8) digonucleotide and l仙-fold molar excess of non-
lablled MRS-a were mlXed with nuclear extract of 250 pM ZnC12 treated 293 cells. (C ) Nuclearextracts obtained from non-
treated 293 cells were incubated wid1 32P-labeled double-strandedwild-type TATA (-5A) (lane I , 3-7)) or mutant TATA (-
5g) (lane 2) oligonucleotide and run on 4% Polyacrylamide geL Binding proteins were indicated by arrow head･ A 50-fold
mol山･ excess Of Ron-labelledwild-typeTATA (-5A) or 5O and loo-fold molar excess ofwild-type -5A (lane 4,5) and mutant

































Fig. 13 Structure of human metallothionein-IIA protein
-35-
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[材料･方法]
Taq Gold DNAポリメラーゼ(perkin Elmer社製)
Mastercycler gradient (Eppendorf社製)





pl)､ 2 mMdNTP (10pl) 100pMforwardprimer (1 pl)､ 100pMreverseprimer (1 pl)および5














Fig. 14 Examined regions of htLman metallothioneh-ⅠIA (hMT-IIA) exons for PCR-SSCP
analysis
The coding regions are indicated as closed square. These reg10nS COntdn 186 bpand ape b'anslated to 61 amino acids.
Open squaresindicate 5T or 3. untranshted region. Each primer was designed to anlPlifythetranslational sequence,
aJld obtained 141 bp for exon 1, 259 bp for exon 2 and 180 bp for exon 3 region, respectively.




を増幅した. PCR産物はHighPure PCR Product Purification Kitを使用して未反応のdNTP
やprimerを除去後､ SSCP分析に使用した｡
エクソン1
･ hMT-ⅠIA exon 1-F primer : 5'-TGCTTGCCGCGCTGCACTCC-3'
･ hMT一ⅠIA exon 1-R primer : 5'-TGGGCATCCCCAGCCTCTTA-3'
エクソン2
･ hMT-ⅠIA exon 2-F primer : 5'-TGCTCAAGTTCCCAGGAATC-3'
･ hMT-ⅠIA exon 2-R primer : 5'一cmAATTCCCCTGAGGATG-3'
エクソン3
･ hMT-ⅠIA exon 3-F primer : 5'-TCCCGGTGTCGCTAGTACTC-3'












抽出したゲノムDNA20ng､ 10xPCRbuffer (1 pl)､ 2mM dNTP (1 pl) 100pMforwardprimer





hMT-ⅠIA -F(-5A) : 5'-TAAACACTGCTTGCCGCGCTGCAl3'
hMT-ⅠIA -R (-5C) : 5'-GATGCAGCCCTGGGCACACTTGG-3'
hMT-ⅠIA -F(-5g) : 5'-TAAACACTGCTTGCCGCGCTGCg-3'
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Fig. 15 Examples of conformationalVariants in hMTIIIA exon 3 region detected
throughPCR･SSCP (A)and sequence analyses of the type Åand B PCR reactions (B)
(A)One hundred and nineteen indivisuals were categolized in two SSCP pattems.四) Point mutation at
second nucleotide of codon 42 (C→T) was irdicated by arrow head in the sequence･ Type A and B irKlicate
C/C and C汀nucleotide at codon 42 which induce one amino acid exchangefromalanine to valiT℃.
一39-
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Fig. 16 Structtwe of huITnn metallotllionein-IIA proteirl
Metallothionein structLJre Was dividBd into N-terminal B domain and C teminal α domain. (A) Amino acids.qequence ofhMT-
lJA tTOtein. Cysleine residues were indicated as bold type. 42Ala was changed k) Vat by point mutation of GCC to GTC･ (Ji)
Two dimentional struchre ofMT protein･ /ヲdomain and α dorruin binds three and four atoms of metal through S H residue of











Table 2. Genotype and allele frequency of the polymorphisms at second nucleotide of
codon 42in119 healthy individuals
Genotype frequency Allele frequency





















Fig･ 17 SSCP pattems of hMT-ⅡA promoter and exon 3 regIons
Individuals having polnt mUtadon of promoter or/uId codon 42 were i止Iicated･ Twentyindividuals containbothwild-typeand
mutant allele (arrow he吋),肌d only one individuals (sample N). 46) has mutantal1eleinpormoter region･ Four hdividuals
(sample No. 39, 46. 90. 97)that having bothwild-type(arrow) and mutant (arrow head) auele in codon 42 having mltant allele
in pronT)ter region. SSCP patterns of promoter and e又on 3 of 293 cells wereindicatedwiId-typecontrol (grow)･
ー41-
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の一次構造はアミノ酸またはDNAの塩基配列分析によってヒト45~49) ､サル50) ､ウマ51,52) ､


























B: Point mutation of the promoter region
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Fig. 18 Iktemination ofallelic type by
allele speciGc PCR
Forward and reverse pnmer were designed to
match with the wild-type or mutant nucleotide. (A)
Wild-typeallele were amplified by w ild-type
forward and rever.qe prirrcr (A type allele).
Promoter mutated allele were amplified by mutant
forward andwild-type reverse prlrrだr (B type
allele)･ Exon 3 mutated alIele was amplified by
wild-type forward primer and mutant reverse
primer (Cサpe allele). Both prorrK)ter and e又on 3
mutated allele wereamplified by both mutant
forward and reverse prirrK:r (D type allele). Black
arrows indicatedwild-type forwatd and reveISe
pnmers and striped arrows indicated mutant
forward and reverse primer.仰) SSCP patterns of
promoter and e又on 3 mutatd individuals ( sample
No. 39, 46, 90, 97) and promoter mutated
individual (sample No. 1 ). SSCP patlems of
promoter and exon 3 of293 cells were irKIicated
wild-type control (arrow)･ (C) Allelictypes of each
individuals were indicated. Sample No. 39, 90 and
97 have A type allele (both promoter and e又on 3
were wild-type) and D type allele (both pron℃ter
and e又on 3 Were mutant)･ Sample No. 46 have D
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一方､ zinc regulatoryfactor (ZRF) 26)はMTF-1と同様にMTプロモーター上のMREに結
合する蛋白質としてヒト由来の培養細胞中から単離･同定された転写因子であるが､ヒト










(10pl)､ 2mMdNTP (10pl)､ 100pMforwardprimer (1 pl)､ 100pMreverseprimer (1 pl) (そ
れぞれ下記に示した)および5 U/pITaqGold (0.5 pl)を加えて全量が100p‖こなるよう
moleculargradewaterで調製したo PCR反応は95｡Cで10分間熱変性した後､ 96oCで30秒､
各アニーリング温度(exonl,2-1,2-2,6,7,9-1,9-3:58oC,exon3,4,9-2, ll-1, ll-2:61oC)で
30秒､ 72｡Cで30秒の増幅反応を30サイクル行った｡ PCR反応により､ exonlは101bp､
exon2-1は259bp､ exon2-2は266bp､ exon3は239bp､ exon4は132bp､ exon5は74bp､
exon6は137bp､ exon7は78bp､ exon8は103bp､ exon9-1は236bp､ exon9-2は266bp､
exon9-3は290bp､ exon lOは64bp､ exon ll-1は282bpおよびexon ll-2は292bpを増幅
した(Fig. 19A)oPCR産物はHighPure PCR Product Purification Kitを使用して未反応のdNTP
やprimerを除去後､ SSCP分析に使用した｡
エクソン1
･ hMTF-1/Exon 1 -F primer : 5'-AAGAGGAAGCGGAAGTGACG-3'
･ hMTF-1倍xon 1-R2 primer : 5'-CTCCGCGGCTCCCGGCAACG-3'
エクソン2-1
･ hMTF-1/Exon 2-F primer : 5'-ACAAGTCATTACGmTCAT-3'
･ hMTF-1/Exon 2-R primer : 5'-TTCTTTACGTTTTGTTTCCG-3'
エクソン2-2
･ hMTF-1侶xon 2-F2 primer : 5'-CTGTTCTTATTGAGCAGGAC-3'
-46-
･ hMTF-1侶Xon 2-R2 primer : 5'-GTTCTCCGCACTGTCCGTCG-3'
エクソン3
･ hMTF-1侶xon 3-F primer : 5'-GTAAAGCGGTACCAATGTAC-3'
･ hMTF-1侶xon 3-R primer : 5'-CTGTACAGTGTGTTGAATGC-3'
エクソン4
･ hMTF-1侶xon 4-F primer : 5'一ccTGAAAGCACATCAGAGGC-3'
･ hMTF-1/Exon 4-R primer : 5'一ccAAATGGCTmCCCCTGT-3'
エクソン5
･ hMTF-1/Exon 5-F primer : 5'-GTGCGATCACGATGGCTGTG-3'
･ hMTF-1侶xon 5-R primer : 5'-CAGTATGTGTACGAACGTGA-3'
エクソン6
･ hMTF-1侶Xon 6-ど primer : 5'-GTGAAAGACCCTTCTTCTGC-3'
･ hMTF-1侶Xon 6-F primer : 5'-CTCTGATCCATTGTGTTGTG-3'
エクソン7
･ hMTF-1/Exon 7-F primer : 5'-GATACAAATCACTCACTTT-3'
･ hMTF-1/Exon 7-R primer : 5'-CGTACTGGAATmCTCGCA-3'
エクソン8
･ hMTF-1侶xon 8-F primer : 5'-ACCCAGGGCCAGGACCTCAG-3'
･ hMTF-1/Exon 8-R primer : 5'-CTGTCTGTTGAGGATCTTCC-3'
エクソン9-1
･ hMTF-1/Exon 9-Fl primer : 5'-CTTCCTTGACTGAAAGTm-3'
･ hMTF-1/Exon 9-Rl primer : 5'-TTCTGGAGGTTGTAAGAGAG -3'
エクソン9-2
-47-
･ hMTF-1/Exon 9-F2 primer : 5'-TGCTCCCTCCCTAGGACCTG-3'
･ hMTF-1/Exon 9-R2 primer : 5'一ccATGGCTGGCAGGGGCTCA-3'
エクソン9-3
･ hMTF-1/Exon 9-F3 primer : 5'-AGCCCATTGTACCAGGACTT-3'
･ hMTF-1侶xon 9-R3 primer : 5'-AAmGTTCTTGGTTTTGTG-3'
エクソン10
･ hMTF-1侶xon 10-F primer : 5'-CAGCAAGCATCTAAAGTTGA-3'
･ hMTF-1/Exon 1 0-R primer : 5'-CTGGGCTACTGGCTACTGGT-3'
エクソン11-1
･ hMTF-1/Exon 1 1-FI primer : 5'-CCAGCTCTGTCCAGCAGATT-3'
･ hMTF-1/Exon lトRl primer : 5'-ATCCTTCAAATTTCTGACcc-3'
エクソン1ト2
･ hMTF-1/Exon lトF2 primer : 5'-TCCTCTACCTTGCCCTCCTC-3'
･ hMTF-1/Exon lトR2 primer : 5'-AAGGAGTCTCTGCTTGTCGG-3'
[結果]
MTF-1蛋白質は753アミノ酸からなり､ N末端側に6つのzincfinger額域､ C末端側に






A Zinc-finger domain Acidic Proline･rich Serine/threonine･
l M M JV V Vl reg10n reglOn richrttglOn
1　　　　　　138　　　　　　　　　　316 330　406I408　　498 524　　　　　　　620　　　　　753
bp　(62)　(459)　　　(239)  (132) (74) (137) (78) (103)　　　(596)　　　(64)　　(581)
♂
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Fig. 19 PCR-SSCP analyses of human metaltra指Cription factor-I (hMTF･1)
(A) Examined regionLq Of hMTF-1 for SSCP analysis･ Each e又on were amplified and each length of the PCR舟agment is
disphyed as base pairs (bp). E又on 2, 9 and 1 1 were dividedinto two orthree regions and amplified. (Ji) The SSCP band
patterns of 10 subjects were indicated･ Different SSCP patterns were observed onlyinexon 8 which encoded one part of
acidic reglOn.
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Fig･ 20 Examples of conformational variants in hMTF-I exon 8 region detected throughPCR-SSCP
(A) and sequence analyses of the typeA, B and C PCR reaction products (B)
(A) One hundred and threE: indivisuals were categolyzed in dlree SSCP patterns. (Zi) Point mutation at dlird nucleotide of
codon 390 (A→G) wats indicated by arrow heal in the sequence. TypeA, B and C were showed A/A, A/G and G/G nucleotide
atcodon390.
Table 3･ Genotype andallelefrequency of the polymorphisms at third nucleotide of
cdon 390 of hMTF-I acidic reg10n in 103 healthyindividualS
Genotype frequency Allelefrequency














Zinc-finger domain Acidic Fhline_rich Serine I hreonine.






Y T F V〔 N q E G 〔 ら K A F L T ～ H ～ L R I H V R V H T K E
TACAC CTTTGTC TGTAATC AGGAGGG CTGTGGCAAAG CC TTCC TTAC CTCTC ACAGC CTC AGGATC C ACGTG CGAGTGCAC AC GAAGG AG
zRF　　　17◎　　　　　　　　180 ･　185　　　19O
Y T F V C N q E G C G K A F L T ～ Y ら L R I H V R V H T K E
TACACCTTTGTC TGT AATCAGGAGGG CTGTGGCAAAG CC TTC C TTAC CTCTT ACAGC CTC AGG ATE C AC GTGC G AGTGC AC AC GAAGG AG
∩ MTFJ1　　17◎　　　　　　　　　　18◎　　　1 8 4　　　　　19◎
y T F V〔 N q E G C G K A F L T ～ Y ～ L 良 I H V R V H T K E
TA〔A〔 〔¶ 〔 GT〔 TGT AAT〔AGGAGGG 〔TGTGGCAAGGC CT〔 〔 TC A〔 CTCCT A〔AGC 〔TCAGGATCC ATGTG C GAGTG〔A〔 A〔 A仙GGAG
Fig. 21 StructtFal features of human MTF･1, ZRF and mouse MTF･1
(A ) Schematic representation of hMTF- 1. (Jl) Nucleotides and aJTlino acids sequences of the second zinc血ger domain
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Fig･ 22 Direct sequence analysis of the 239 bp fragment of second zinc finger domain in human
MRE-binding traI唱Cription factor
(A) Codon 1 85insecond zinc丘nger donlain was irKlicated by arrow･ (B) Sequence patterns of two typical Japanese out of
thirb, individuals, and three human cultured cells lircs (293, Hel･BIS3 and HepG2 cells) were indicated･ First nucleotide in
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